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L4 ANSWER 1 OF 11 CAPLUS COPYRIGHT 2008 ACS on STN 
ACCESSION NUMBER: 2008:452050 CAPLUS 

DOCUMENT NUMBER: 149:561 

TITLE: Sulfated K5 Escherichia coli polysaccharide 

derivatives as wide-range inhibitors of genital types 

of human papillomavirus 
AUTHOR(S) : Lembo, David; Donalisio, Manuela; Rusnati, Marco; 

Bugatti, Antonella; Cornaglia, Maura; Cappello, Paola; 

Giovarelli, Mirella; Oreste, Pasqua ; 

Landolfo, Santo 

CORPORATE SOURCE: Department of Clinical and Biological Sciences, San 

Luigi Gonzaga Hospital, University of Turin, Turin, 
10043, Italy 

SOURCE: Antimicrobial Agents and Chemotherapy (2008), 52(4), 

1374-1381 

CODEN: AMACCQ; ISSN: 0066-4804 
PUBLISHER: American Society for Microbiology 



DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Genital human papillomaviruses (HPV) represent the most common sexually 
transmitted agents and are classified into low or high risk by their 
propensity to cause genital warts or cervical cancer, resp. Topical 
microbicides against HPV may be a useful adjunct to the newly licensed HPV 
vaccine. A main objective in the development of novel microbicides is to 
block HPV entry into epithelial cells through cell surface heparan sulfate 
proteoglycans. In this study, selective chemical modification of the 
Escherichia coli K5 capsular polysaccharide was integrated with innovative 
biochem. and biol. assays to prepare a collection of sulfated K5 derivs. 
with a backbone structure resembling the heparin/heparan biosynthetic 
precursor and to test them for their anti-HPV activity. Surface plasmon 
resonance assays revealed that O-sulfated K5 with a high degree 
of sulfation [K5-0S(H)] and N, O-sulfated K5 with a high 
[K5-N,0S(H)] or low [K5-N,0S(L)] sulfation degree , but 

not unmodified K5, N-sulfated K5, and O-sulfated K5 with low levels of 
sulfation , prevented the interaction between HPV-16 pseudovirions 
and immobilized heparin. In cell-based assays, K5-0S(H), K5-N,0S(H), and 
K5-N,0S(L) inhibited HPV-16, HPV-18, and HPV-6 pseudovirion infection. 
Their 50% inhibitory concentration was between 0.1 and 0.9 |ng/mL, without 
evidence of cytotoxicity. These findings provide insights into the design 
of novel, safe, and broad-spectrum microbicides against genital HPV 
infections . 
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AU Lembo, David; Donalisio, Manuela; Rusnati, Marco; Bugatti, Antonella; 
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Pasqua ; Landolfo, Santo 

AB ... precursor and to test them for their anti-HPV activity. Surface 
plasmon resonance assays revealed that O-sulfated K5 with a high 
degree of sulfation [K5-OS(H)] and N, O-sulfated K5 with 
a high [K5-N,OS(H)] or low [K5-N, OS (L) ] sulfation degree 

, but not unmodified K5, N-sulfated K5, and O-sulfated K5 with low levels 
of sulfation , prevented the interaction between HPV-16 

pseudovirions and immobilized heparin. In cell-based assays, K5-OS(H), 
K5-N,OS(H), and K5-N,OS(L) inhibited HPV-16, HPV-18, and. 
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degree of N, O-sulfated derivs. 78245-16-6D, repeating unit of, 
low degree of O-sulfated derivs. 
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2004:486971 CAPLUS 
141 : 87601 

Chemically sulfated Escherichia coli K5 polysaccharide 
derivatives as extracellular HIV-1 Tat protein 
antagonists 

Urbinati, Chiara; Bugatti, Antonella; Oreste, 
Pasqua ; Zoppetti, Giorgio ; 

Waltenberger , Johannes; Mitola, Stefania; Ribatti, 
Domenico; Presta, Marco; Rusnati, Marco 
Unit of General Pathology and Immunology, Department 
of Biomedical Sciences and Biotechnology, School of 



Medicine, University of Brescia, Brescia, 25123, Italy 
SOURCE: FEBS Letters (2004), 568(1-3), 171-177 

CODEN: FEBLAL; ISSN: 0014-5793 
PUBLISHER: Elsevier Science B.V. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The HIV-1 transactivating factor (Tat) acts as an extracellular cytokine 
on target cells, including endothelium. Here, we report about the 
Tat-antagonist capacity of chemical sulfated derivs. of the Escherichia coli 
K5 polysaccharide. O-sulfated K5 with high sulfation 
degree (K5-OS(H)) and N, O-sulfated K5 with high (K5-N,OS(H)) or 
low (K5-N,OS(L)) sulfation degree , but not unmodified 
K5, N-sulfated K5, and O-sulfated K5 with low sulfation 
degree , bind to Tat preventing its interaction with cell surface 
heparan sulfate proteoglycans, cell internalization, and consequent 
HIV-LTR-transactivation. Also, K5-OS(H) and K5-N,OS(H) prevent the 
interaction of Tat to the vascular endothelial growth factor receptor-2 on 
endothelial cell (EC) surface. Finally, K5-OS(H) inhibits avp3 
integrin/Tat interaction and EC adhesion to immobilized Tat. 
Consequently, K5-OS(H) and K5-N,OS(H) inhibit the angiogenic activity of 
Tat in vivo. In conclusion, K5 derivs. with distinct sulfation 
patterns bind extracellular Tat and modulate its interaction with cell 
surface receptors and affect its biol . activities. These findings provide 
the basis for the design of novel extracellular Tat antagonists with 
possible implications in anti-AIDS therapies. 
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AB ... we report about the Tat-antagonist capacity of chemical sulfated 
derivs. of the Escherichia coli K5 polysaccharide. O-sulfated K5 with 
high sulfation degree (K5-OS(H)) and N, O-sulfated K5 
with high (K5-N,OS(H)) or low (K5-N, OS (L) ) sulfation 
degree , but not unmodified K5, N-sulfated K5, and O-sulfated K5 
with low sulfation degree , bind to Tat preventing its 
interaction with cell surface heparan sulfate proteoglycans, cell 
internalization, and consequent HIV-LTR-transactivation. Also, K5-OS(H) 
and. . . immobilized Tat. Consequently, K5-OS(H) and K5-N,OS(H) 
inhibit the angiogenic activity of Tat in vivo. In conclusion, K5 derivs. 
with distinct sulfation patterns bind extracellular Tat and 
modulate its interaction with cell surface receptors and affect its biol. 
activities. These findings provide. 
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AB Low-mol. weight (LMW) K5-N, O-over sulfates are described, having a 
sulfation degree of 3.2 to 4 and a mean mol. weight of 
about 3000 to about 6000, obtainable by depolymn. of corresponding 
K5-N, O-oversulf ates or starting from LMW-K5-N-sulf ates by O-over sulfation 
of a tertiary amine or quaternary ammonium salt thereof and subsequent 
N-resulf ation of the K5-amine-0-oversulf ate thus obtained. Furthermore, 
pharmaceutical compns. containing these LMW-K5-N, O-over sulfates having 
antiangiogenic and antiviral, in particular anti-HIV-1 activity are 
described. Intermediate LMW-K5-N-sulf ates are also described. 
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A method is described for the oversulf ation of ( epi ) KS-N-sulf at* 
obtain ( epi ) K5-amine-0-oversulf ates at extremely high degree of 
sulfation and for the transformation of these intermediates into 



s to 



new N-acyl- (epi ) K5-amine-0-oversulf ates basically free of activity on the 
coagulation parameters and useful in the cosmetic or pharmaceutical field. 
Also described are pharmaceutical compns. containing, as one of their active 
ingredients, an ( epi ) K5-amine-0-oversulf ate . 
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AB A method is described for the oversulf ation of epiK5-N-sulf ate to obtain 
an epiK5-amine-0-oversulf ate with very high sulfation 
degree which, by subsequent N- sulfation, provides new 
epiK5-N, O-oversulf ate-derivs . with a sulfation degree 

of at least 4, basically free of activity on the coagulation parameters 
and useful in the cosmetic or pharmaceutical field. Also described are 
new low mol. weight epiK5-N-sulf ates useful as intermediates in the 

preparation of 

the corresponding LMW-epiK5-N, O-oversulf ate-derivs . 
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AB The present invention relates to the use of N,0 oversulfated K5 derivs. 
having a degree of sulfation >3.2 or of their 

pharmaceutically acceptable salts for the preparation of pharmaceutical compns. 
for treating the infection and the consequent HIV/AIDS disease. Thus, K5 
(polysaccharide) was obtained from E. coli. by a fermentation process, and 
purified. A N, O-oversulf ated K5 was prepared from K5 (polysaccharide), by 
deacetylation with NaOH solution followed by the N- sulf ation and 
O-oversulf at ion . 
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for treating the infection and the consequent. . . fermentation process, and 
purified. A N, O-oversulf ated K5 was prepared from K5 (polysaccharide), by 
deacetylation with NaOH solution followed by the N- sulf ation and 
O-oversulf ation . 
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AB HIV-1 entry into CD4 cells represents a main target for developing novel 
antiretroviral agents and microbicides . Sulfated derivs. of the K5 



polysaccharide have a backbone structure resembling the heparin precursor, 
but are devoid of anticoagulant activity. The derivs. were chemical sulfated 
in the N position after N-deacetylation, in the 0 position, or in both 
sites. HIV replication in human T cell blasts, monocyte-derived 
macrophages and cell lines was studied in the presence of sulfated K5 
derivs. O-sulfated [K5-0S(H)] and N,0-sulfated [K5-N,0S(H)] K5 derivs. 
with high degree of sulfation inhibited the 

replication of an HIV strain using CXCR4 as entry co-receptor (X4 virus) 
in both cell lines and T-cell blasts. K5 derivs. also strongly inhibited 
the multiplication of CCR5-dependent HIV (R5 virus) in cell lines, T-cell 
blasts and primary monocyte-derived macrophages. Their 50% inhibitory 
concentration was between 0.07 and 0.46 jjM, without evidence of cytotoxicity 
even at the maximal concentration tested (9 |nM) . In addition, both K5-N,OS(H) 
and K5-OS(H) potently inhibited the replication of several primary HIV-1 
isolates in T-cell blasts, with K5-N,OS(H) being more active than K5-OS(H) 
on dual tropic R5X4 strains. K5 derivs. inhibited the early steps of 
virion attachment and/or entry. Because K5 derivs. are unlikely to 
penetrate into cells they may represent potential topical microbicides for 
the prevention of sexual HIV-1 transmission. 
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AB ... cell lines was studied in the presence of sulfated K5 derivs. 

O-sulfated [K5-OS(H)] and N, O-sulfated [K5-N,OS(H)] K5 derivs. with high 
degree of sulfation inhibited the replication of an HIV 

strain using CXCR4 as entry co-receptor (X4 virus) in both cell lines and 
T-cell. . . 
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The present invention refers to the use of N, O-sulf ated K5 having 
degree of sulfation of at least 2, and of their 



pharmaceutical acceptable salts for the preparation of medicaments for treating 
angiogenesis-dependent diseases. 
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AB The purification of the Escherichia coli K5 polysaccharide by treatment with 
iso-Pr ale. and elimination of lipophilic substances is described. The 
purified product can be used to prepare, after N-deacetylation, new 
N,0-sulfated polysaccharides with high degree of 
sulfation . 

REFERENCE COUNT: 5 THERE ARE 5 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
IN Zoppetti, Giorgio ; Oreste, Pasqua Anna 
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AB The angiogenic basic fibroblast growth factor (FGF2) interacts with 
tyrosine kinase receptors (FGFRs) and heparan sulfate proteoglycans 
(HSPGs) in endothelial cells. Here, we report the FGF2 antagonist and 
antiangiogenic activity of novel sulfated derivs. of the Escherichia coli 
K5 polysaccharide. K5 polysaccharide was chemical sulfated in N- and/or 
O-position after N-deacetylation. O-Sulfated and N,0-sulfated K5 derivs. 
with a low degree and a high degree of 

sulfation compete with heparin for binding to 125I-FGF2 with 
different potency. Accordingly, they abrogate the formation of the 
HSPG • FGF2 • FGFR ternary complex, as evidenced by their 
capacity to prevent FGF2-mediated cell-cell attachment of 

FGFRl-overexpressing HSPG-def icient Chinese hamster ovary (CHO) cells to 
wild-type CHO cells. They also inhibited 125I-FGF2 binding to 
FGFRl-overexpressing HSPG-bearing CHO cells and adult bovine aortic 
endothelial cells. K5 derivs. also inhibited FGF2-mediated cell 
proliferation in endothelial GM 7373 cells and in human umbilical vein 
endothelial (HUVE) cells. In all these assays, the N-sulfated K5 derivative 
and unmodified K5 were poorly effective. Also, highly O-sulfated and 
N,0-sulfated K5 derivs. prevented the sprouting of FGF2-transf ected 
endothelial FGF2-T-MAE cells in fibrin gel and spontaneous angiogenesis in 
vitro on Matrigel of FGF2-T-MAE and HUVE cells. Finally, the highly 
N, O-sulfated K5 derivative exerted a potent antiangiogenic activity on the 
chick embryo chorioallantoic membrane. These data demonstrate the 



possibility of generating FGF2 antagonists endowed with antiangiogenic 
activity by specific chemical sulfation of bacterial K5 

polysaccharide. In particular, the highly N,0-sulfated K5 derivative may 
provide the basis for the design of novel angiostatic compds . 

REFERENCE COUNT: 61 THERE ARE 61 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

AU Leali, Daria; Belleri, Mirella; Urbinati, Chiara; Coltrini, Daniela; 
Oreste, Pasqua ; Zoppetti, Giorgio ; Ribatti, Domenico; 
Rusnati, Marco; Presta, Marco 

AB ... polysaccharide. K5 polysaccharide was chemical sulfated in N- 
and/or O-position after N-deacetylation . O-Sulfated and N,0-sulfated K5 
derivs. with a low degree and a high degree of 
sulfation compete with heparin for binding to 125I-FGF2 with 
different potency. Accordingly, they abrogate the formation of the 
HSPG • FGF2 • FGFR ternary complex,. . . chick embryo 

chorioallantoic membrane. These data demonstrate the possibility of 
generating FGF2 antagonists endowed with antiangiogenic activity by 
specific chemical sulfation of bacterial K5 polysaccharide. In 
particular, the highly N,0-sulfated K5 derivative may provide the basis for 
the design of novel. 

L4 ANSWER 11 OF 11 CAPLUS COPYRIGHT 2008 ACS on STN 
ACCESSION NUMBER: 1993:441829 CAPLUS 

DOCUMENT NUMBER: 119:41829 
ORIGINAL REFERENCE NO.: 1 1 9 : 7 459a, 7 46 2a 

TITLE: Biochemical bases of the interaction of human basic 

fibroblast growth factor with glycosaminoglycans . New 
insights from trypsin digestion studies 

AUTHOR(S) : Coltrini, Daniela; Rusnati, Marco; Zoppetti, 

Giorgio ; Oreste, Pasqua ; Isacchi, 

Antonella; Caccia, Paolo; Bergonzoni, Laura; Presta, 
Marco 

CORPORATE SOURCE: Sch. Med., Univ. Bresica, Italy 

SOURCE: European Journal of Biochemistry (1993), 214(1), 51-8 

CODEN: EJBCAI; ISSN: 0014-2956 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB In the present study the authors have attempted a characterization of the 
biochem. bases of the interaction of human basic fibroblast growth factor 
(bFGF) with glycosaminoglycans (GAGs) in solution This interaction has been 
evidenced as the capacity of different GAGs and various sulfated compds. 
to protect bFGF and different bFGF mutants from tryptic cleavage. Heparin 
protects bFGF from trypsin digestion in a dose-dependent fashion. 
Substitution by site-directed mutagenesis of two or more basic residues 
with neutral glutamine residues in the amino-terminal region bFGF (27-32) 
or in the carboxyl-terminal region bFGF ( 11 8-12 9 ) does not significantly 
affect the protective effect exerted by heparin. In contrast, heparin 
protection is abolished when the full region bFGF (27-32) is deleted. The 
capacity of different GAGs to protect bFGF from proteolytic cleavage 
decreases in the following order: heparin > heparan sulfate > dermatan 
sulfate = chondroitin sulfates A and C > hyaluronic acid = K5 
polysaccharide, indicating that both the degree of 
sulfation and the backbone structure of GAG modulate its 
interaction with bFGF. This is confirmed by the different capacity of 
various sulfated compds. (including dextran sulfates, suramin, trypan 
blue, and sulfate ion) to protect bFGF from tryptic digestion. Moreover, 
tryptic digestion studies performed with various heparin mols. and dextran 
sulfates of different size, ranging from 2.0 kDa to 500 kDa, indicate that 
the number of bFGF mols. which interact with a single mol. of polysaccharide 
is related to the mol. mass of the GAG and that six hexose residues are 



sufficient to protect 1-2 mols. bFGF . In conclusion, the authors findings 
indicate that the capacity of GAGs to protect bFGF from tryptic cleavage 
depends upon their size, sulfation , distribution of the anionic 
sites along the chain, and structural requirements of the bFGF mol. These 
studies will help to design synthetic oligosaccharides endowed with 
different bFGF agonist and/or antagonist activities. 
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degree of sulfation and the backbone structure of GAG 

modulate its interaction with bFGF. This is confirmed by the different 
capacity of various. . . conclusion, the authors findings indicate that 
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AB Herpes simplex virus type 1 (HSV-1) and HSV-2 are neurotropic viruses and 
common human pathogens causing major public health problems such as 
genital herpes, a sexually transmitted disease also correlated with 
increased transmission and replication of human immunodeficiency virus 
type 1 (HIV-1). Therefore, compds. capable of blocking HIV-1, HSV-1, and 
HSV-2 transmission represent candidate microbicides with a potential added 
value over that of mols. acting selectively against either infection. We 
report here that sulfated derivs. of the Escherichia coli K5 
polysaccharide, structurally highly similar to heparin and previously 
shown to inhibit HIV-1 entry and replication in vitro, also exert 
suppressive activities against both HSV-1 and HSV-2 infections. In 
particular, the N,0-sulfated [K5-N,OS (H) ] and O-sulfated 
epimerized [ Epi -K5~OS (H) ] forms inhibited the 

infection of Vero cells by HSV-1 and -2, with 50% inhibitory concns. 
(IC50) between 3 ± 0.05 and 48 ± 27 nM, and were not toxic to the 
cells at concns. as high as 5 |uM. These compds. impaired the early 



steps of HSV-1 and HSV-2 virion attachment and entry into host cells and 
reduced the cell-to-cell spread of HSV-2. Since K5-N,0S(H) and 
Epi -K5-0S (H) also inhibit HIV-1 infection, they may 
represent valid candidates for development as topical microbicides 
preventing sexual transmission of HIV-1, HSV-1, and HSV-2. 
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1657-1662 
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PUBLISHER: Blackwell Publishing Ltd. 
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AB Background: The K5 polysaccharide obtained from Escherichia coli 
strain O10:K5:H4 is a polymer of the disacchar idic unit formed 
by D-glucuronic acid and N-acetylglucosamine . This structure is akin to 
N-acetylheparosan, the precursory polymer of heparin and of heparan 
sulfate. This structural affinity with N-acetylated heparin and with 
desulfated heparin makes the K5 polysaccharide extremely useful 
for the preparation of sulfated heparin-like semi-synthetic derivs. It has 
been demonstrated that heparins are able to inhibit tissue factor and 
cytokine production and expression by human monocytes. Objective: The aim of 
this study was to evaluate the effects of four different heparin-like 
semi-synthetic derivs. on inflammatory cytokine production and expression by 
human mononuclear cells. Results: The simultaneous addition of 
lipopolysaccharide (LPS; 0.2 and 10 |ug mL-1) and the K5 
polysaccharide did not inhibit interleukin (IL)-ip, IL-6 or tumor 
necrosis factor (TNF)-a production by stimulated mononuclear cells. 
IL-1(3, IL-6 and TNF-a concns. in supernatants of LPS-stimulated 
mononuclear cells were not influenced by the addition of N,0-sulfated 
K5 polysaccharide (KS-N, OS) and epimerized N-sulfated K5 
polysaccharide (K5 NS epi) at 5 and 10 |ug mL-1, 

whereas the addition of epimerized N,0-sulfated K5 polysaccharide ( 
K5-N, OS epi) (5 and 10 fxg mL-1) and O-sulfated 
K5 polysaccharide (K5-OS) (5 and 10 |ug mL-1) to 

LPS-stimulated cells caused a significant dose-dependent inhibition of 
IL-ip, IL-6 and TNF-a. All sulfated heparin-like 

semi-synthetic derivs. did not influence the IL-10 production by 

LPS-stimulated mononuclear cells. In LPS-stimulated cells (0.2 and 10 

lug mL-1) K5-OS or K5-N, OS epi at 5 and 

10 |ug mL-1 markedly decreased TNF-a mRNA expression. 

Conclusions: These results indicate that the sulfated heparin-like 

semi-synthetic derivs. K5-OS and K5-N, OS epi 

are able to inhibit both expression and production of inflammatory cytokines, 
whereas they do not influence the anti-inflammatory cytokine IL-10, 
suggesting a potential role for these products as modulators of 
inflammatory reactions. 
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Real-time monitoring of kerati 
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Bruen, Kevin J.; Campbell, Chris A.; Schooler, Wesley 
G.; de Serres, Suzan; Cairns, Bruce A.; Hultman, C. 
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Keratin is a major protein produced during epitheliali zation following 
burn injury and is a useful marker for assessing wound healing. 
Transgenic mice expressing enhanced green fluorescent protein (EGFP) 
driven by the keratin 5 (K5) promoter (K5GFP mice) were used to 
monitor keratin expression, and thus, re-epithelialization of burn wounds. 
K5GFP transgenic mice were created using conventional techniques, with PCR 
and Southern blot confirmation of transgene incorporation, followed by 
selection of the line with the most intense and consistent basal 
epithelial EGFP expression. Epi-f luorescent microscopy of 24 
K5GFP mouse flanks and 10 neg. littermate controls was used to 
characterize EGFP intensity, before wounding and serially for 30 days 
after administration of a standardized burn wound and excision. Biopsy 
sections of K5GFP and neg. control mice were stained with K5 
antibody and imaged with confocal microscopy to characterize the 
distribution of EGFP and K5 at baseline and after injury and to 
examine the correlation between K5 expression and EGFP 

expression during healing. Green fluorescence intensity increased at the 
advancing wound margin of burned K5GFP mice, reaching a maximum between days 
12 and 15 post-burn and then decreasing as healing completed. K5 
and EGFP expression increased in parallel in burned K5GFP mice as 
demonstrated by confocal microscopy. Thus, EGFP expression correlated 
with K5 expression during wound healing and therefore serves as 
a good marker of re-epithelialization. This transgenic model allows 
noninvasive, real-time assessment of in vivo K5 expression and 
will be useful in the study of wound healing. 
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A method is described for the oversulf ation of (epi 
) KS-N-sulf ates to obtain (epi ) K5-amine-0-over sulfates 

at extremely high degree of sulfation and for the transformation of these 
intermediates into new N-acyl- ( epi ) K5 

-amine-O-oversulf ates basically free of activity on the coagulation 
parameters and useful in the cosmetic or pharmaceutical field. Also 
described are pharmaceutical compns. containing, as one of their active 
ingredients, an ( epi ) K5-amine-Q-over sulfate . 
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AB The present invention refers to the preparation of O-sulfated, N-sulfated or 
N-acetylated derivs., both epimerized or non epimerized, of K5, 
K4, and optionally def ructosylated K4 and K40 polysaccharides from 
Escherichia coli and to their use as antiinflammatory agents in chronic 
and acute inflammations. These compds., and in particular O-sulfated, 
N-acetylated K5 (K5-OSNAc) and O-sulfated, N-sulfated 
epimerized K5 (K50SNS epi ) obtained according to the 

present invention show a specific activity on the main cytokines involved 
in the inflammatory processes inhibiting especially the production of Tumor 
necrosis 

factor alpha, interleukin 1 beta and interleukin 6. 
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together with preparative evidence previously reported 
leads to an interpretation of the behavior of the 
long-lived p-anisylcamphenilyl cation in formic acid solns. The rate 
consts. ka, kb, kc, and kd are all too rapid to measure. When 
p-anisylcamphenilol (I) or p-anisylapocamphene (II) is dissolved in 96.8% 
formic acid, the fraction F of the material existing as the carbonium ion 
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AB Kinetic evidence 
(CA 54, 22398h) , 



(^maximum 384 m|u, s 51, 000) is the sum of two exponentials. 
Application of an integrated form of eq. 1 allows evaluation of the 
following rate consts. in sec.-l at 25°: kl = 4.78 + 10-3, 
k2ko/kd = 1.21 + 10-3, k3 = 0.53 + 10-3, k4ko/kd= 0.69 + 
10-3. kl is believed to represent the rate constant for a Nametkin 
rearrangement within the carbonium ion. In 100% formic acid the optical 
d. of a solution of p-anisylapocamphene reaches a maximum within 2 min. The 
rate consts. have been approx. evaluated and it appears that the only 
important difference from 96.8% formic acid is the increase of 0.86 unit 
in the neg. value of the acidity function HO, which correspondingly 
increases the value kc/kd. Solns. of p-anisylapocyclene (III), 
epi-p-anisylcamphenilol, the formates isolated from reaction of I 
in formic acid for four min. and four hrs., and ales, obtained from such 
formates all follow eq. 1. Ill is equilibrated with the carbonium ion 
much more slowly than II but is favored at equilibrium relative to II. The 
rate constant for racemization (-)-II in formic acid, 6 + 10-4, is 
close to that predicted using values of k5 and k6 estimated from the 
spectrophotometric kinetic measurements on III, the only sym. compound in 
the series. 
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